Ethnopharmacological relevance: The leaves of Clausena anisata are used traditionally to expel maggots from wounds of animals in Zimbabwe. We have previously proved in the laboratory that the plant certainly affects the behaviour and growth of blowfly larvae. The objective of this study was to isolate and identify the active compounds responsible for this activity.
Introduction
Lucilia cuprina is a member of the blowfly family Calliphoridae and is found throughout the world in various warm locations. The larvae of these flies are carnivorous and feed on the body tissues and fluids of livestock (condition known as myiasis) (Zumpt, 1965) to such an extent that animal production and health is detrimentally affected (Farkas et al., 1997; Snoep et al., 2002; Sotiraki and Hall, 2012) . The condition has been managed by the use of chemical pesticides either in the environment or on the animals themselves (Tellam and Bowles 1997) .
As a result of the prolonged use and misuse of the products, increasing resistance of blowflies is being reported (Campbell et al 1998; Lightner, 2008) , resulting in an impetus to find new compounds that could manage these flies. For centuries, medicinal plants have been used to combat parasitism, and in many parts of the world are still used for this purpose (Athanasiadou et al., 2007) , with specific attention being given to the treatment of myiasis (Chavunduka, 1976; Hutchings et al., 1996; Van Wyk et al., 1997; Fielding, 1998; Viegi et al., 2003; Luseba and Van der Merwe, 2006; McGaw and Eloff, 2008) .
These plants therefore constitute an untapped source of lead structures for the control of myiasis. At present, over 119 natural plant compounds that affect insect behaviour and survival have been identified (Boulogne and Petit, 2012) . More important a number of these compounds, such as pyrethrins and azadractin, have been very successfully incooperated into pest management systems as either insect antifeedants or repellents (Kostic et al., 2008) .
We have undertaken several controlled experimental studies in an effort to verify, validate and quantify scientifically the activity of some of the plant species used for the treatment of myiasis in South Africa and Zimbabwe (Mukandiwa et al., 2012a, b, c) . Extracts of Aloe zebrina Baker, Clausena anisata (Willd) Hook, Erythrina lysistemon Hutch, and Spirostachys africana Sond have an effect on larval motility and feeding behaviour, pupation rate, pupal weight and adult fly emergence (Mukandiwa et al., 2012 b, c) . However, the bioactive compounds in these plant species responsible for these observations have not been identified. For this study Clausena anisata (Rutaceae) extracts were subjected to bio-assay guided fractionation for isolation of active compounds as this plant demonstrated promising results in the previous assays.
Materials and methods

Plant materials
The leaves of Clausena anisata (Wild) Hook. f. ex. Benth were collected in April from the Pretoria National Botanical Garden, South Africa and dried at room temperature in a wellventilated room. The plant species was identified by tree name tags and were authenticated by the Guide at the National Botanical Garden. The voucher specimen of the plant species, numbered PMDN317, is kept at the Medicinal Plant Collection Herbarium of the Department of Paraclinical Sciences, University of Pretoria, South Africa. Collection, drying and storage guidelines of the plant material followed were as outlined by McGaw and Eloff, 2010.
Isolation and identification of active compounds from Clausena anisata
Extraction of Clausena anisata leaves
Dried and powdered leaves of C. anisata (437 g) were extracted with acetone (5 L) at room temperature by continuous agitation on an orbital shaker (Labotec®, model 202, South Africa) for 6 h. The mixture was filtered and the solvent removed under reduced pressure at low temperature (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) o C) with a rotary evaporator. The extraction process was repeated twice and extracts combined to give 37.9 g of dry acetone extract.
Pyrethrins detection assay
From the apparent repellent effect from the on-farm and the in vitro results the plants were screened for the presence of pyrethrins which are known natural repellents present in plants (Shahba et al., 2011) , as per the method described by Stahl (1969) . Commercial pyrethrum was used as a standard. The developed chromatograms were viewed under short-wave UV light and then sprayed with p-anisaldehyde-sulphuric acid in methanol and subsequently heated until optimal colour development. Under these conditions, the pyrethrin compounds quench fluorescence in short-wave UV light while pyrethrins I and II yield a dark grey colour after heating (Stahl,1969) . The method also identifies the cinerins and jasmolins which show up as brown bands.
Fractionation by solvent-solvent extraction
The acetone extract was fractionated using the solvent-solvent fractionation procedure. The dried acetone extract (12.7 g) was suspended in 1 L of 30% methanolic solution and extracted with n-hexane (3× 500 mL), dichloromethane (2 × 500 mL), ethyl acetate (2 × 500 mL) and n-butanol saturated with water (2 × 500 mL), respectively. Each fraction was evaporated to dryness under reduced pressure at low temperature (40-50•C) on a rotary evaporator and remaining H 2 O fraction was dried by vaporisation in an oven at 60 o C and weighed. This process led to five fractions separated based on solubility characteristics of the constituents.
Isolation of an active component from the n-hexane fraction
From the bioactivity assays (see below) of the different polarity fractions, the n-hexane fraction was the most active and therefore subjected to column chromatography. Open 
Effect on blowfly development
The larvae used in this study were collected from a farm outside Pretoria. Ox-liver in containers was placed near the sheep night-camps. Once the fly eggs were observed, the liver was taken to the laboratory. The larvicidal assay described by Khater and Khater (2009) was used to test the effect of the isolated compounds on the larvae of blowflies. The compound was tested at 1, 10, 100, 1000, 5000ppm. One (1) ml aliquots of the compound were mixed with 10g of ground liver and fed to the larvae. The compound was tested against first-instar and second-instar of larvae separately. Either 20 first-instar or early second-instar blowfly larvae (day 3 -4) were placed on treated liver in plastic cups. Each concentration was tested in duplicate. The experiment was only undertaken once due to the limited quantity of the isolated compound available. The plastic cups with larvae were placed in larger containers containing wood shavings and covered with mesh and secured with elastic. This allowed the larvae to follow their normal behaviour, to migrate, burrow into the wood shavings and pupate. The containers were then incubated in a humidified chamber at 28 ± 2°C. Eight days after exposure of larvae to extract the number of pupae and larvae that failed to pupate was recorded per treatment. The pupae for each concentration were pooled together and the average mass determined. The pupae were placed back in the respective containers which were covered with laboratory tissue paper and were left to emerge. Seven days later we recorded the number of pupae that failed to eclode. For all assays ivermectin was used as a positive control (0.1 ml of 10 000ppm ivermectin) while acetone a solvent control. The C.
anisata crude extract was also tested to allow for comparison with the isolated compound.
Statistical analysis
The data on pupal mass were analysed using the general linear model procedures (SAS, 2006) to determine if there were any significant differences due to the different concentrations of seselin, and also to determine the most effective concentrations. Mean separations was done using the PDIFF option of SAS (2006) to determine if the differences across concentrations were statistically different at P= 0.05.
Results
Pyrethrins detection assay
No pyrethrins could be detected in any extract of the four plant species examined. However, following development with anisaldehyde, C. anisata had one band with the expected grey colour ascribed to the pyrethrins. However, unlike the pyrethrin compounds the compound fluoresced under short-wave UV light instead of quenching fluorescence. In later isolation, this compound was identified as seselin (details below). Aloe zebrina, E. lysistemon and S. 
Isolation and identification of active compounds from Clausena anisata
Structure elucidation of compounds
Compound 1 was not sufficiently pure to allow characterization, but from the NMR data it appeared that it could contain lupeol.
The structure of Compound 2 (Figure 2 ) was elucidated by NMR and MS as the pyranocoumarin, seselin, chemically called 2, 2-dimethylpyranocoumarin. It had a molecular formula of C 14 H 12 O 3 and a molecular weight of 228 obtained from its ESI-MS spectrum. The compound had a pale yellow colour and was oily in nature. The spectroscopic data is summarised in Table 1 and is in close agreement with the data of Patra and Mitra (1981) . NMR spectra are supplied as supplementary material. Acetone extracted 8.7%
(37.9g) of the starting leaf material of C. anisata 12.7 g of the extract yielded 83mg of seselin. 
Effect of seselin on blowfly development
Following exposure, all the larvae pupated at the same rate and there was complete eclosion.
Nonetheless, the pupae from larvae exposed to seselin were of lower mass (p <0.05) and also yielded smaller adult flies in comparison to the control group (Figure 3 & 4) . While a minor dose response relationship was evident, a plateau effect was achieved as early as the third concentration evaluated. The first-instar larvae were more affected compared to the secondinstar larvae, with their emerging flies being the smallest (Figure 4) . The average masses of pupae emerging from the first-instar and second-instar larvae exposed to the C. anisata crude extract were 13.93 ± 0.6 mg and 23.71 ± 0.5 mg, respectively while that for the control was 26.19 ± 0.8 mg. All the larvae exposed to ivermectin died. 
